Imelouane et al, 13 Hajlaoui et al, 14 Zaouali et al, 15 Miladi et al. 16 The research of these authors was used to compare the results obtained in this study. HDs have not been researched as extensively as EOs and their use in industry is much less important in spite of their important indirect production. However, HDs could offer many benefits for agriculture as input or for human health as proposed by Bosson 17 ; who specifies different indications for HD uses. The author states that Thyme HD chemotype thymol can be used to detoxify and purify the organism. Thyme EO chemotype thymol is indicated to treat infectious pathologies and weariness. With a high p-cymene concentration, this EO is indicated for treating rheumatism and arthrosis. Rosemary EO chemotype camphor is used to treat myalgia, muscular cramps, rheumatism, hypertension, and hepatomegaly as well as heart weakness. 18 This work compares the EOs and HDs obtained through the conventional distillation method with those resulting from an adapted steam distillation method developed for 100% natural phytotherapeutic products elaboration.
Materials and Methods

Plant Material
Six batches of aerial parts of Thymus vulgaris (Thyme) and the leaves and flowers of Rosmarinus officinalis (Rosemary) were collected from the Farmaverde cooperative farm located in Usme, in the south of Bogota, Colombia. Plant material was collected during blooming, early in the morning, in sunny weather, and was naturally dried in the shade on shelves. Six batches of 71 kg of fresh Thyme were collected and 21 kg of dried material were obtained from each batch (TvDC1, TvDC2 and TvDC3 for the conventional distillation and TvDF1, TvDF2 and TvDF3 for the adapted distillation) used for distillation. Each batch is differenced after with "EO" or "HD" depending if it concerns EO or HD from each batch. Eight kilograms were obtained from three batches of 27 kg of fresh Thyme, dried and macerated as subsequently explained. Six batches of 48.5 kg of fresh Rosemary material were collected; 28.5 kg of dried material were obtained from each batch for distillation (RoDC1, RoDC2 and RoDC3 for the conventional distillation and RoDF1, RoDF2 and RoDF3 for the adapted distillation). Three batches of 12 kg of the same fresh vegetal material was dried to obtain the three batches of 7 kg used for the maceration.
Distillations
Distillations were performed in the FARMAVERDE cooperative (Bogota, Colombia) which lent us his equipment. Three batches were distilled using the conventional steam distillation procedure and three by using the adapted steam distillation. In the latter method a macerate obtained from a cold and hot maceration (until boiling) of a part of vegetal material was used as the steam source for a posterior distillation with new vegetal material. The 2 procedures are described in Figure 1 . In the adapted steam distillation, macerations of Thyme (8 kg) and Rosemary (7 kg) were prepared using 70 L of distilled water in anaerobic conditions during 24 hours at 20°C and then heated to boil; they were naturally cooled and filtered. The macerate was used as the steam source for the distillation. For each distillation, the first 13.5 L of HD was recovered, and EO were dried using anhydrous sodium sulfate (Na 2 SO 4 ). Both EOs and HDs were kept refrigerated at 4°C until their evaluation.
Test Microorganisms and Medias
All the microbial strains were obtained from the strain collection at the Pontificia Universidad Javeriana (CM-PUJ), Bogotá, Colombia. 
Bacteria
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 9027 and Staphylococcus aureus ATCC 25923 were used. All the cultures were kept at -70°C in 20% glycerol in Tryptic soy broth (TSB), and grown at 37°C for 24 hours to obtain the sub-cultures, which were inoculated on Tryptic soy agar (TSA) at 37°C for 24 hours. Working cultures were prepared from sub-cultures in Mueller-Hinton broth at 37°C for 4 hours and adjusted to a concentration of 1.5.10 8 UFC/ml using 0.5 Mac Farland standard (Biomérieux Inc.).
Fungi
Candida albicans CMPUJH022 was maintained at -70°C in 20% glycerol in Oxoid malt extract broth (Basingstoke, Hampshire, England) and grown in Malt extract at 37°C for 24 hours to obtain the sub-cultures inoculated on Sabouraud agar (Merck, Germany) at 37°C for 24 hours. Working cultures were prepared from subcultures on Sabouraud agar at 37°C for 4 hours, and adjusted to a concentration of 1.5.10 8 UFC/ml using 0.5 Mac Farland standard (Biomérieux Inc., Craponne, France). Aspergillus niger ATCC 16404 was grown on Sabouraud agar for 5 days at 25°C. Conidiospores were recovered from this culture using 2 ml of sterile saline solution, which was aliquoted by 100 µl for later use. To obtain monosporic cultures, 100 µl of conidiospores solution was massively seeded on Sabouraud agar, then, filter paper discs (5 mm) were placed on the agar and the culture was incubated for 5 days at 25°C.
Gas Chromatography (GC-FID)
The GC-FID analyses of EOs were carried out on a 3900 gas chromatograph (Varian, Holland), equipped with a flame ionization detector. The column used was an Elite 5 MS column (30 m × 0.25 mm × 0.25 µm) (Perkin Elmer, Holland). Helium carrier gas was used with a flow rate of 1mL/min. The oven temperature program was initially at 50°C for 2 minutes, rate of 4°C/min up to 160°C for 5 minutes, rate of 8°C/min up to 220°C for 2 minutes, rate of 15°C/min up to 280°C for 5 minutes. Injector and flame ionization detector temperatures were 250°C and 290°C respectively. 1 µL of each EO was injected with a split ratio of 1:200.
Mass Spectrometry Analysis (GC-MS) GC-MS analyses were carried out with an Agilent Technologies-6850 Series II gas chromatograph (GC) with a DB-5MS (5% phenyl methylpolysiloxane) column (60 m × 0.25 mm × 0.25 µm) (Agilent Tech., USA) and an HP-INNOWAX column (60 m × 0.25 mm × 0.25 µm) (Agilent Tech., USA), equipped with an Agilent 5975B mass selective (MS) detector used in the full scan mode in order to monitor mass unit from 30 to 500 m/z with an electronic impact of 70 eV. Helium carrier gas was used with a flow rate of 1 mL/min. The injector and detector temperature were respectively 250°C and 230°C. The quadrupole temperature was 150°C. The DB-5MS oven temperature program with DB-5MS column was 120°C during the first minute, then, 5°C/min until 250°C for 5 minutes, 30°C/min until 320 for 5 minutes and the last 5 minutes at 300°C. The oven temperature program with HP-INNOWAX column was 60°C during the first minute, then, 6°C/min until 220°C; the last 3 minutes at 220°C. One microliter of each EO was injected with a split ratio of 1:200 and HD preparation for injection was explained previously. Simultaneous extraction and concentration of compounds from the vapor phase of the HDs was carried out using the Head Space solid-phase microextraction (HS-SPME) technique, and a fused silica fiber coated with 65 µm thick PDMS/DVB acquired from Supelco (Bellefonte, PA, USA). Chromatographic analysis was performed with the same chromatograph, columns and conditions used previously, except the injection, which was performed in splitless mode using the SPME device (Bellefonte, PA, USA) for injection. Identification of EO and HD constituents was conducted by comparing the mass spectra with those reported in the NIST (2005) library and the retention index relative to n-alkanes with those reported by Adams 19 as well as other literature data.
ABTS Free Radical-Scavenging Activity
The antioxidant activity of EO and HD was assessed by evaluating the 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) free radical scavenging activity, as reported by Re et al. 20 The ABTS radical obtained from Sigma-Aldrich (St. Louis, MO, USA) was prepared by the reaction of 20 mg/l ABTS mixed with 2.5 mg/l potassium persulfate (K 2 SO 8 ) (Sigma-Aldrich, St. Louis, MO, USA) in deionized water kept in darkness for 16 hours at room temperature. Its absorbance was adjusted to 0.73 at 740 nm. First, 6 serial 2-fold dilutions were prepared for each sample to define their optimal concentration ranges and continue with 4 dilutions ranges. These dilutions were prepared using ethanol and 10 μl of each dilution, which were added to 240 μl ABTS. Then, 2 fold concentrations ranges were defined respectively for Thyme and Rosemary EOs; 0.75 to 6 and 250 to 2000 μL/L. Each experiment was performed 3 different times in triplicate. The initial absorbance at 740 nm was read and then every 5 minutes, during a total of 120 minutes. The inhibition percentage was calculated using the equation (%)=(A 0 -A t )/ A 0 )×100 where A 0 is the control absorbance; this is ABTS without sample and A t , the absorbance of ABTS with sample at t time. The sample concentration required to reduce ABTS to a 50% (IC50) was obtained by calculating the inhibition percentage against sample concentrations. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) purchased from Sigma-Aldrich (St. Louis, MO, USA) was used as a synthetic antioxidant reference.
Antimicrobial Activity Assay Microwell Dilution Method
The microwell dilution method with the BIOSCREEN C Microbiological Growth Analyser (Labsystems, Helsinki, Finland), as reported by Medina et al, 21 was applied to define antimicrobial activity against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Candida albicans. The BIOSCREEN C reports optical density that represent the turbidity caused by cell growth. A 150 μl of bacterial solution with Mueller-Hinton broth (MHB) for bacteria or with malt extract (Oxoid Ltd, Basingstoke, Hampshire, England) for C. albicans was prepared with the working culture and prepared, as described previously, before adding 150 μl of each EO and HD dilution of the sample prepared with dimethyl sulfoxide (DMSO -Sigma-Aldrich, St. Luis, MO, USA). Three wells with 300 μl of MHB alone were used as negative controls and three others ones used as positive controls with gentamicin (Oxoid Ltd) (100 μg/ml) for E. coli and P. aeruginosa, vancomycin (Oxoid Ltd) (100 μg/ml) for S. aureus, voriconazol (Sigma-Aldrich, St Louis, USA) (10 μg/ml) for A. niger and amphotericin B (Sigma-Aldrich, St Louis, USA) (1250 μg/ml) for C. albicans. Lastly, the minimum bactericidal concentration (MBC) and minimum fungicidal concentrations (MFC) were confirmed by pouring 5 μl of each test solution into Petri dishes for E. coli, P. aeruginosa, S. aureus and C. albicans during 24 hours at 37°C and applying thiazolyl blue tetrazolium bromide [3-(4,5-dimethyl thiazol-2-yl2, 5-diphenyltetrazolium bromide] (MTT, Sigma Aldrich, St. Louis, MO, USA) assay for E. coli, P. aeruginosa and S. aureus to evaluate cellular viability as reported by Mosmann. 22 Each experiment was performed in three different times in triplicate.
Agar Dilution Method
The agar dilution method was used to define the minimum fungicidal concentrations (MFC) of EOs and HDs against Aspergillus niger as reported by Hammer et al, 23 using modifications. Potato dextrose agar (PDA) media was prepared with serially diluted EOs and HDs at 30°C; before its solidification, it was poured into small Petri dishes. Then, a disc with monosporic cultures of A. niger, prepared as described previously, was placed in the Petri dish center and the preparation was incubated at 25°C for 5 days. MFC was defined as the lowest concentration without growth. Each assay was repeated three times in triplicate. Mean values were defined for MFC. Three negative controls were prepared with PDA alone, and three positive controls were prepared with voriconazole at 10 μg/ml. The concentrations ranges used for EOs and HDs were the same than those used for microwell dilution method.
Statistical Analysis
The variance analysis was conducted and the differences between variables were assessed for significance using a one-way analysis of variance (ANOVA) with a SPSS 11 program. Differences at P <.01 were considered statistically significant. a Due to the limited samples number the distribution normality was tested by t test. Assuming the sample normality, statistically, the differences were significant at P < .01.
Results and Discussion
could be obtained by hydrolysis during maceration. HDs obtained by conventional distillation contained linalool with a percentage between 2.3% and 3.2% and the other HDs group obtained by adapted distillation does not have this molecule but has carvacrol from 7.1% to 9.4%, molecule which is missing in the first group. The content differences between TvDCEOs and TvDFEOs showed that the 2 distillation methods used in our research can also have an impact on EO chemical composition as Jordan et al. 1 showed in their research on Thymus vulgaris and T. hyemalis, in which they underscore the relationship between the phenological stage and the dynamic of the sequence ϒ-terpinene → p-cymene → thymol.
ABTS Free Radical Scavenging Activity of Essential Oils and Hydrosols
The antioxidant activity of EOs and HDs from the 12 batches was measured by using the free radical ABTS assay to evaluate their capacity to scavenge this radical. Results are expressed by IC 50 in μl/L and presented in Table 3 . Rosemary HDs did not show any antioxidant activity with ABTS until 40 µl/mL, the maximum concentration used for HDs to assess this activity. IC 50 was evaluated intentionally at 20 minutes and at 120 minutes because these times correspond to the steady phase beginning of the antioxidant reaction of Rosemary EOs and HDs and Thyme HDs especially, which contrary to Thyme EOs have a slower reaction. More variability of the standard deviations was observed too between the results obtained at 20 and 120 minutes for Rosemary EOs obtained by the 2 different methods. Significant differences were observed between antioxidant activities of Thyme EOs obtained by steam distillation and Thyme EOs obtained by adapted steam distillation probably due to the first ones thymol relative concentration (between 36.1% and 39.8%), which is higher than the second ones (between 26.7% and 27.6%). However, no significant difference was observed between HDs obtained by steam distillation and HDs obtained by adapted steam distillation, which present a homogenous behavior into and between each batches issued from the 2 distillation methods. IC 50 obtained with the different Thyme HDs are similar to that obtained by Aazza et al 24 : 3000 mg/mL at 6 minutes with a Thyme HD chemotype Carvacrol. The lower IC 50 observed in the Rosemary EOs obtained by the steam distillation method in comparison with the Rosemary EOs obtained by the adapted steam distillation could not be explained by the comparison of the chemical composition of identified compounds, specified previously, with a relative percentage over 1%. Some weak variations between the identified molecules or between minor compounds (<1%) from the 2 EOs could, possibly, have an impact on the antioxidant activity variation.
Antimicrobial Activity
The minimum bactericidal and fungicidal concentrations of the EOs and HDs obtained by the 2 steam distillation methods are shown in Table 4 . Rosemary HDs did not present any activity against the bacteria and fungi tested up to 500 µL/mL. All Rosemary EOs obtained by the 2 different distillation methods showed the same minimum microbicidal concentration except against P. aeruginosa. Contrary to the antioxidant activity, which showed better results with the EOs obtained by the conventional steam distillation, the Rosemary EOs obtained by the FARMAV-ERDE steam distillation showed the lowest MBC against this Pseudomona specie. However, these minimum microbicidal concentrations of Rosemary EOs against the different strains were low in comparison with those obtained with all Thyme oils, which showed activity between 0.2 and 0.8 µL/mL. With all the strains, except C. albicans, the EOs obtained by steam distillation showed minimum microbicidal concentration, 2-times lower than the EOs obtained by adapted steam distillation method. This difference could also be explained by the difference of thymol content between the two EOs. Moreover, Thyme HDs showed a minimum microbicidal activity of 250 µL/mL against P. aeruginosa, S. aureus, C. albicans and A. niger. Although this concentration is very high for a preservative, it could be used at this concentration or higher as an active ingredient to promote product conservation with an antioxidant activity superior to 3 µL/mL, but ensuring that thymol concentration does not present any risk. As shown by our results, the antimicrobial activity of derived EOs can vary according to the quantitative relationship between thymol and p-cymene. The latter, as reported by Burt, 25 is not an effective antibacterial, but it can cause the swelling of the cytoplasmic membrane, helping the action of others antimicrobial molecules like carvacrol or thymol. Consequently, depending on the ratio thymol/p-cymene, Thyme EOs can have more or less RoDCHD1 >500 >500 >500 >500 >250 RoDCHD2 >500 >500 >500 >500 >250 RoDCHD3 >500 >500 >500 >500 >250 RoDFHD1 >500 >500 >500 >500 >250 RoDFHD2 >500 >500 >500 >500 >250 RoDFHD3 >500 >500 >500 >500 >250   TvDCHD1  >500  250  250  250  250   TvDCHD2  >500  250  250  250  250   TvDCHD3  >500  250  250  250  250   TvDFHD1  >500  250  250  250  250   TvDFHD2  >500  250  250  250  250   TvDFHD3  >500  250  250  250  250 Abbreviations: MBC, minimum bactericidal concentration; MFC, minimum fungicidal concentration; EOs, essential oils; HDs, hydrosols.
antimicrobial and antioxidant activity. The comparison of the chemical composition, and antioxidant and antimicrobial activity of EOs and HDs obtained by steam distillation using the plant macerate as steam source with those obtained by conventional steam distillation did not show the differences that we were expecting on the improvement of the biological activity of EOs and HDs. However, these results allowed us to underscore two important facts in the use of EOs. Firstly, the importance and consequences of chemotype definition, not only at the research level in order to objectively compare different bioactivity results from different authors, but also at the industrial level to ensure the desired biological activity as a preservative or its potential therapeutic use. Secondly, the consequence of chemical composition changes on the biological activity and consequently its extrapolation from a therapeutic point-of-view. Therefore, if consumers have concerns about the security of different synthetic preservatives, its substitution by EO or HD should be correctly controlled too. This is the main challenge for industry and it requires consistency and accuracy at the agricultural and process level.
